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In an earlier work, several properties of fundamental particles were brought
together by a simple equation based on continuity and discreteness. It is shown
here, that the maximum modes of decay of all fundamental particles can also be
predicted without any arbitrary parameters. The method used is to break up the
mean lifetimes of particles to obtain the maximum modes of decay. This is done
by using a binary expansion of h¯/MT where M is the mass of the particle and
T is the mean lifetime. The agreements between that obtained from theory and
experiment are remarkable. The ordering of the flavours plays an important part
in understanding the reasons for this agreement. It is shown that the Zeno effect
in Quantum mechanics is connected with use of the binary series.
In an earlier review1 it was shown that it was possible to systematise the mean
values of half lives of all fundamental particles, β and α emitters and obtain the
half lives of iso-spin particles and in particular the half-life of the proton from
the half life of the neutron which gives a value of 5.33 × 1033 years. It was also
possible to determine the parity of β emitters and determine the energy levels of
light nuclei. All this was possible starting from a simple nondimensional equation
whose relation to Quantum Mechanics is discussed below. From the equation
h¯
MT
=
n
2n
=
Γ
T
(1)
1
where
M is the mass of the concerned particle in MeV
T is the mean decay half-life
h¯ is Planck’s constant/2pi and
n is an integer
Γ (the width) =
h¯
M
it is possible to obtain the values of n from known measured values of M and T .
In the case of fundamental particles, M is the total mass of the decaying particle,
as all this mass is converted in the decay process. In the case of β decay, the
concerned mass in Eqn. 1 is taken as the mass of the neutron as in the Fermi
theory. In the case of α decay, the mass is taken as the equivalent of the binding
energy of the nucleus that decays.
We define a quantity p = log 2n/n (log to base 10) . It is an interesting
quantity in that, for certain values of n, p becomes close to prime numbers and
the departures of the values of p, i.e.(p− po) from the values of the exact primes,
give rise to partity in β decay and the flavours of fundamental particles2. The
plot of log Er/Γ where Er is the energy levels of width Γ, against Dn, which
is the difference of the n’s obtained from Eqn. 1 from the ground state to the
excited state, suggests that the energies transferred to the levels correspond to
the masses of light mesons.
The n-values for iso-spin singlets and neutral members of the iso-spin triplets
belonging to SU3 octets are found to be related to each other through some
periodicity. The following equations show that pi0η for pseudoscalar mesonic
octet, ρ0ω for vector mesonic octet and Σ0,Λ for 1
2
+
octet are examples of such
pairs with iso-spin with I3=0 which show the following regularities:
npi0 − n = 2
2 + 1;nρ0 − nω = 2
2 + 1;nf − na = 2
2 + 1;nΛ − nΣ0 = 2
5 + 1
The others show a different kind of periodicity. The two different kinds of sym-
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metries can be combined to give a more general result through the relation
∆n = 2q +∆I
where ∆n and ∆I represent the differences in the integer and iso-spin values.
The regularities found in the n differences, point out to the quantisation of the
Γ/M ratios for the iso-spin levels, which can be written as
[
MT
h¯
]
n+a
= k
[
MT
h¯
]
n
where n and α are integers i.e. k = [n/(n + α)] 2α which is true only when
n+ a = 2q for every q ≤ α. The quantisation of iso-spins suggest k should be an
integer.
From this, it can be shown that for Σ±, n =54, α=10, q = 6 but for Σ0, q =
5, α = 10, n = 22 which matches with the value of n for Σ0. A similar quantifi-
cation can be made to pi± and pi0 and several other iso-spin cases including that
of the proton. All this is described in the review by Ramanna and Sharma1 but
a summary is given here for the sake of completeness. The figures in Appendix 1
give some more successes of the theory.
The method for determining the decay modes of fundamental particles is to
consider a quantity h¯/MT and expand it into a binary series. Each dimensionless
quantity, h¯/MT which is always less than 1, is converted to the sum of binary
decimals. The series comes out with many zeros followed by a combination of 1’s
and 0’s. The infinite number of zeros which follows the set between the 1’s have
no particular significance.
As shown earlier1 h¯/MT can be written as a binary decimal as follows :
h¯
MT
=
(
a1 · 1 + a2 ·
1
2
+ a3 ·
1
4
+ a4 ·
1
8
· · ·+ an ·
1
2n
· · ·+∞
)
(2)
where the a’s are either 0’s or 1’s.
In this paper it is shown that the maximum modes of decay can be obtained
with only a knowledge of M and T through the binary splitting of h¯/MT . Table
3
1 (Col. C) gives the value of n for all particles as derived from eqn. 1, from
published data3.
The number of zeros, H in the binary expansion (Col. H) which precede the
1’s is shown to be related to particle flavours1 and is close to the value of n. The
combination of the 1’s and 0’s, converted to ordinary decimals are tabulated as
Bin Dec (BD) and shown in Col. J .
We can write e.g. for the pi± meson
log
n
2n
= (.00 · · ·53Zeros) · 2−54 · · · ·) · (11101000 · · ·)
= 2−54
(
1 +
1
2
+
1
4
+ 0 +
1
16
· · ·
)
where the number of zeros (Z) is 53. It is shown below that the expression
(Hm −Hm−1) log 2 + log
(
BDm
BDm−1
)
(3)
where Hm is the number of zeros for the n
th meson arranged according to flavours
(Col. B), gives the maximum decay modes (MDM) of the particles .
Since p = n log 2− log n, the sequential differences can be written as
(pm − pm−1) = log 2− log
nm
nm−1
(4)
which shows that it is similar in form with expression (3)
It was noticed purely empirically, that the differences in (log M)/BD from
1, ordered according to flavours, given in Col. K are in good agreement to the
measured MDM’s. The consecutive absolute differences (Col. N) are given by,
1−
[
(logMm)
(BDm)
−
(logM(m−1))
(BD(m−1)
]
(5)
where M is the mass of the particle in MeV and m is the serial number of the
particles ordered according to n’s in flavours, i.e. serial nos. (S.No.) (Col. B).
The empirical Eqn. (5) is given here to show the dependence of the MDM’s on
mass differences.
Fig 1 is an XY plots of Col. O and Col. N which relates expn (3) and (5)
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Fig 2 is an XY plot of MDM (Col. D) and Col. N which relates the experimental
values of MDM (expn) with expn (5)
Fig 3 is an XY plot of MDM (Col. D) and Col. O relates MDM with expn (3)
Fig 4 is an XY plot of p(log(2n/n)) and Col. O relates expns (3) and (4).
These figures do not show any immediate order but they are, however, iden-
tical as seen from the LINE plot in fig 5a. The rearrangement takes place when
the concerned values of n are shifted to agree with the appropriate n ordering
for that XY plots. Figure 6 gives the same information as fig (5a) but shows the
possibility of predicting the MDM values of those particles for which no measure-
ment exists. For those which have a measured value two shades are seen, but for
those which have no measured values only one shade is seen corresponding to the
theoretical values (Col. O) (multiplied by 2 to bring out the differences). The
predicted values of MDMs for these particles are comparatively small, showing
that it is difficult to measure their MDM’s. Figure (5b) gives the predicted values
of the MDM for only those mesons whose values are not available.
The agreement between the measured values and those obtained from the
empirical expression (4) equation as well as that obtained from the binary series
is striking. In Fig 7 the XY plot between BD and number of zeros Z is given,
the numbers along the points are the corresponding values of n. They are seen
to be arranged according to favours.
By equating (3) and (5), one gets the equation
1−
[
log
(
Mm
BDm−1
)
− log
Mm−1
BDm−1
= (Hm −Hm+1) log 2− log
BDm
logBDm−1
]
(6)
showing that the difference of the log of the mass is empirically connected to the
binary expansion.
The use of the binary series to determine the break up of the mean life can
also be used to connect it to the Zeno effect in QM4. Each entry of 1 or 0 can be
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looked as an interaction in time with the system and thus acts like a mathematical
clock whose time widths can be varied.
Writing (1) as 1/T = M/h¯(Σ) where Σ is the binary series, we connect it
with the probability of survival of a decaying system pN . After an N number of
observations in a finite time T at intervals of ∆t we can write that
PN =
[
1−
(
C
4N2
)]N
where C is a constant and N = T∆t.
We also know that time is a continuous element and we define its continuous
nature as was done by Cantor5. The Cantor theorem which is of great generality
states that given a set A, it is possible to construct another set B with a greater
cardinal number. If A consists of three numbers, then B consists of 23 numbers
and in general for every N there is associated a set of values which corresponds
to the continuous elements i.e. 2N , a fact used in the formulation of eqn. (1).
The Cantor theorem further states that if a set contains N elements where the
N ’s are positive integers, then there exists a set B with 2N elements and if A
consists of all positive integers, B is equivalent to the continuum of real numbers
from 0 to 1. Thus for a continuum of time which is always continuous even in
finite intervals, 2N has to be used.
If the N ’s above is replaced by 2N we get the probability for survival for
continuous observation and the ratios of the survival probabilities for discrete
and continuous parameters can be written as
log pdiscretesur
log pcontinuoussur
=
N log[1− C/4N2]
2N log[1− C/4 · (2N)2]
=
N
2N
· α (7)
To a first order we can write the nonsurvival probability as pNONsur = log (1
− pNONsur) =log psur The ratio of the non-survival probabilities, if α = 1, is
now given by N/2N and this is identical to the ratio Γ/T given in Eqn. (1), i.e.
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the width divided by the mean life time. As is known the width of a spectral line
is continuous in nature, whereas the energy is discrete. It is remarkable that such
a simple equation as (1) is able to bring to order so many facts about fundamental
particles and some allied aspects of nuclear physics. In a sense n and 2n act as
”measures” of discreteness and continuity and the results obtained show, that
they are well within the frame work of Quantum Mechanics.
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A B C D E F G H I J K L M N O S
Meson S.No. n %MDM MDM
100
log M p =
(
log 2n
n
)
Zeros BIN Bin F
J
D = (K(m) Abs (L3) Abs(1-M) [dif logBD
(10BD)
100
Dec(BD) −K(m−1)) −difH
× log(2)]/2
pi± 1 58 100 1 3.146 15.6963 53 11101 1.813 1.7352 −0.00883 0.0088 0.9912 4.21442 0.6501
pi0 2 29 99 0.99 3.130 7.2675 25 11101 1.813 1.7264 1.04658 1.0466 0.0466 0.83874 0.6501
η 3 23 71 0.71 3.738 5.5620 19 10111 1.348 2.7730 0.33820 0.3382 0.6618 2.39185 0.2228
ρ 770 4 5 100 1 3.889 0.8062 3 101 1.25 3.1112 0.00320 0.0032 0.9968 0.60206 0.1778
ω 782 5 10 3.893 2.0103 7 101 1.25 3.1144 0.86660 0.8666 0.1334 0.80103 0.1778
η 958 6 16 3.981 3.6124 12 1 1 3.9810 0.01000 0.0100 0.9900 1.50515 0.1000
f0 980 7 4 78 0.78 3.991 0.6021 2 1 1 3.9910 −0.79740 0.7974 0.2026 0.10206 0.1000
a0 980 8 5 3.992 0.8062 3 101 1.25 3.1936 −0.27869 0.2787 0.7213 0.73188 0.1778
φ 1020 9 11 49 0.49 4.008 2.2699 8 1011 1.375 2.9149 1.15309 1.1531 0.1531 0.83394 0.2371
h1 1170 10 4 4.068 0.6021 2 1 1 4.0680 −1.34133 1.3413 0.3413 0.21298 0.1000
b1 1235 11 6 4.090 1.0280 4 11 1.5 2.7267 1.36333 1.3633 0.3633 0.21298 0.3162
a1 1260 12 3 4.090 0.4260 2 11 1 4.0900 −0.80440 0.8044 0.1956 0.10206 0.1000
f2 1270 13 5 85 0.85 4.107 0.8062 3 101 1.25 3.2856 0.36507 0.3651 0.6349 0.47442 0.1778
f1 1285 14 9 4.107 1.7550 6 1001 1.125 3.6507 0.46333 0.4633 0.5367 0.12494 0.1334
η 1295 15 8 4.114 1.5051 5 1 1 4.1140 −0.01700 0.0170 0.9830 0.45154 0.1000
f0 1300 16 4 94 0.94 4.097 0.6021 2 1 1 4.0970 0.01700 0.0170 0.9830 0.00000 0.1000
pi 1300 17 4 4.114 0.6021 2 1 1 4.1140 0.00700 0.0070 0.9930 0.30103 0.1000
a2 1320 18 6 70 0.7 4.121 1.0280 4 11 1 4.1210 −0.00600 0.0060 0.9940 0.15051 0.1000
f1 1420 19 8 4.115 1.5051 5 1 1 4.1150 −0.79340 0.7934 0.2066 0.34949 0.1000
ω 1420 20 5 4.152 0.8062 3 101 1.25 3.3216 −0.94903 0.9490 0.0510 0.22797 0.1778
η 1440 21 7 4.152 1.2621 5 111 1.75 2.3726 4.14600 4.1460 3.1460 0.33003 0.5623
ρ 1450 22 4 4.167 0.6021 2 1 1 4.1670 4.15000 4.1500 3.1500 0.57648 0.1000
f1 1510 23 9 4.179 1.7550 6 1001 1.125 3.7147 −1.32324 1.3232 0.3232 0.24646 0.1334
f2 1525 24 7 71 0.71 4.185 1.2621 5 111 1.75 2.3914 0.40790 0.4079 0.5921 0.11704 0.5623
f0 1590 25 6 4.199 1.0280 4 11 1.5 2.7993 0.57667 0.5767 0.4233 0.11092 0.3162
ω 1600 26 5 4.220 0.8062 3 101 1.25 3.3760 −0.56067 0.5607 0.4393 0.11092 0.1778
ω3 1670 27 6 4.223 1.0280 4 11 1.5 2.8153 1.40967 1.4097 0.4097 0.08805 0.3162
φ 1680 28 6 4.225 1.0280 4 11 1 4.2250 −0.84260 0.8426 0.1574 0.19897 0.1000
ρ3 1690 29 5 71 0.71 4.228 0.8062 3 101 1.25 3.3824 0.00160 0.0016 0.9984 0.00000 0.1778
ρ 1700 30 5 4.230 0.8062 3 101 1.25 3.3840 −0.56200 0.5620 0.4380 0.11092 0.1778
f1 1710 31 6 4.233 1.0280 4 11 1.5 2.8220 −0.38371 0.3837 0.6163 0.11704 0.3162
φ3 1850 32 7 4.267 1.2621 5 111 1.75 2.4383 0.43038 0.4304 0.5696 0.11704 0.5623
f2 2010 33 6 4.303 1.0280 4 11 1.5 2.8687 0.00467 0.0047 0.9953 0.00000 0.3162
f4 2050 34 6 26 0.26 4.310 1.0280 4 11 1.5 2.8733 −0.38076 0.3808 0.6192 0.11704 0.3162
f2 2300 35 7 4.362 1.2621 5 111 1.75 2.4926 1.00263 1.0026 0.0026 0.22797 0.5623
f2 2340 36 5 4.369 0.8062 3 101 1.25 3.4952 −1.49195 1.4919 0.4919 7.59184 0.1778
A B C D E F G H I J K L M N O S
Meson S.No. n %MDM MDM
100
log M p =
(
log 2n
n
)
Zeros BIN Bin F
J
D = (K(m) Abs (L3) Abs(1-M) [dif logBD
(10BD)
100
Dec(BD) −K(m−1)) −difH
× log(2)]/2
K± 37 59 64 0.64 3.694 15.9899 54 111011 1.844 2.0033 0.27182 0.2718 0.7282 1.02615 0.6982
K0s 38 52 69 0.69 3.697 13.9376 47 1101 1.625 2.2751 −0.33541 0.3354 0.6646 1.32000 0.4217
K0L 39 61 39 0.39 3.697 16.5775 56 111101 1.906 1.9397 0.31748 0.3175 0.6825 7.65772 0.8054
K∗(892)± 40 7 100 1 3.950 1.2621 5 111 1.75 2.2571 0.00114 0.0011 0.9989 0.00000 0.5623
K∗(892)0 41 7 100 1 3.952 1.2621 5 111 1.75 2.2583 0.08686 0.0869 0.9131 0.00000 0.5623
K1(1270) 42 7 42 0.42 4.104 1.2621 5 111 1.75 2.3451 0.97166 0.9717 0.0283 0.22797 0.5623
K1(1400) 43 5 44 0.44 4.146 0.8062 3 101 1.25 3.3168 0.00240 0.0024 0.9976 0.00000 0.1778
K∗(1410) 44 5 94 0.94 4.149 0.8062 3 101 1.25 3.3192 0.83580 0.8358 0.1642 0.10206 0.1778
K∗0 (1430) 45 4 50 0.5 4.155 0.6021 2 1 1 4.1550 −1.78071 1.7807 0.7807 0.33003 0.1000
K∗2 (1430)
± 46 7 93 0.93 4.155 1.2621 5 111 1.75 2.3743 0.39571 0.3957 0.6043 0.11704 0.5623
K∗2 (1430)
0 47 6 93 0.93 4.155 1.0280 4 11 1.5 2.7700 0.61640 0.6164 0.3836 0.11092 0.3162
K∗(1680) 48 5 50 0.5 4.233 0.8062 3 101 1.25 3.3864 −0.55440 0.5544 0.4456 0.11092 0.1778
K2(1770) 49 6 4.248 1.0280 4 11 1.5 2.8320 0.00000 0.0000 1.0000 0.00000 0.3162
K∗3 (1780) 50 6 45 0.45 4.248 1.0280 4 11 1.5 2.8320 0.57600 0.5760 0.4240 0.11092 0.3162
K2(1820) 51 5 4.260 0.8062 3 101 1.25 3.4080 −0.53333 0.5333 0.4667 0.11092 0.1778
K∗4 (2045) 52 6 10 0.1 4.312 1.0280 4 11 1.5 2.8747 0.03343 0.0334 0.9666 5.72410 0.3162
D± 53 47 64 0.64 4.272 12.4763 42 101111 1.469 2.9081 0.06130 0.0613 0.9387 0.14588 0.2944
D0 54 46 53 0.53 4.270 12.1846 41 10111 1.438 2.9694 −0.51054 0.5105 0.4895 4.55809 0.2742
D∗(2007)0 55 14 64 0.64 4.303 3.0683 11 111 1.75 2.4589 1.36603 1.3660 0.3660 0.54749 0.5623
D∗(2010)± 56 18 68 0.68 4.303 4.1633 14 1001 1.125 3.8249 −0.31769 0.3177 0.6823 1.07648 0.1334
D1(2420)
0 57 10 4.384 2.0103 7 101 1.25 3.5072 0.00560 0.0056 0.9944 0.00000 0.1778
D∗2(2460)
0 58 10 4.391 2.0103 7 101 1.25 3.5128 0.00000 0.0000 1.0000 0.00000 0.1778
D∗2(2460)
± 59 10 4.391 2.0103 7 101 1.25 3.5128 −0.32734 0.3273 0.6727 5.10112 0.1778
D±s 60 46 59 0.59 4.294 12.1846 41 10111 1.348 3.1855 −0.52454 0.5245 0.4755 4.70655 0.2228
D∗±s 61 13 4.324 2.7994 10 1101 1.625 2.6609 −0.14378 0.1438 0.8562 0.13442 0.4217
Ds1(2536)
± 62 14 4.405 3.0683 11 111 1.75 2.5171 0.56777 0.5678 0.4322 4.99603 0.5623
B± 63 49 6 0.06 4.723 13.0603 44 110001 1.531 3.0849 0.00000 0.0000 1.0000 0.00000 0.3396
A B C D E F G H I J K L M N O S
Meson S.No. n %MDM MDM
100
log M p =
(
log 2n
n
)
Zeros BIN Bin F
J
D = (K(m) Abs (L3) Abs(1-M) [dif logBD
(10BD)
100
Dec(BD) −K(m−1)) −difH
× log(2)]/2
B0 64 49 10 0.1 4.723 13.0603 44 110001 1.531 3.0849 0.00523 0.0052 0.9948 0.00000 0.3396
B0s 65 49 10 0.1 4.731 13.0603 44 110001 1.531 3.0901 −0.10747 0.1075 0.8925 5.26358 0.3396
ηc(1S) 66 12 4.474 2.5332 9 11 1.5 2.9827 0.79764 0.7976 0.2024 0.95373 0.3162
J/ψ(1S) 67 19 86 0.86 4.491 4.4408 15 10011 1 3.7803 −0.48285 0.4828 0.5172 1.08535 0.1542
χc01P 68 11 4 0.04 4.534 2.2699 8 1011 1.375 3.2975 1.24755 1.2475 0.2475 0.67121 0.2371
χc11P 69 16 4 0.04 4.545 3.6124 12 1 1 4.5450 −2.11780 2.1178 1.1178 0.13650 0.1000
χc21P 70 15 2 0.02 4.551 3.3394 12 1111 1.875 2.4272 1.63236 1.6324 0.6324 0.41195 0.7499
ψ(2S) 71 18 2 0.02 4.567 4.1633 14 1001 1.125 4.0596 −0.73156 0.7316 0.2684 0.94667 0.1334
ψ(3770) 72 11 4.576 2.2699 8 1011 1.375 3.3280 0.35680 0.3568 0.6432 0.12982 0.2371
ψ(4040) 73 10 4.606 2.0103 7 101 1.25 3.6848 0.42098 0.4210 0.5790 0.12764 0.1778
ψ(4160) 74 9 69 0.69 4.619 1.7550 6 1001 1.125 4.1058 −0.38978 0.3898 0.6102 0.12764 0.1334
ψ(4415) 75 10 4.645 2.0103 7 101 1.25 3.7160 −0.09709 0.0971 0.9029 1.63497 0.1778
γ(1S) 76 22 3 0.03 4.976 5.2802 18 1011 1.375 3.6189 0.01745 0.0175 0.9825 0.00000 0.2371
γ(2S) 77 22 19 0.19 5.000 5.2802 18 1011 1.375 3.6364 −0.14749 0.1475 0.8525 0.14079 0.2371
γ(3S) 78 23 5.017 5.5620 19 10111 1.438 3.4889 −0.13887 0.1389 0.8611 1.51432 0.2742
γ(4S) 79 12 5.025 2.5332 9 11 1.5 3.3500 −0.12040 0.1204 0.8796 0.26144 0.3162
γ(10860) 80 10 4.037 2.0103 7 101 1.25 3.2296 −0.29069 0.2907 0.7093 0.12982 0.1778
γ(11020) 81 11 4.041 2.2699 8 1011 1.375 2.9389 0.08609 0.0861 0.9139 7.59490 0.2371
µ 82 64 3.025 17.4597 58 1 1 3.0250 −0.00224 0.0022 0.9978 2.78326 0.1000
τ 83 45 65 0.65 4.250 11.8931 40 101101 1.406 3.0228 2.88124 2.8812 0.7119 5.06502 0.2547
